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5T} ~ ABSTRACT

A test circuit to continuously monitor both narrow
width (¢ and ¢s) and wide width (¢1+2 and ¢s+4) multi-
phase clocks for proper toggling or switching. If any
one of the clocks fails to toggle (i.e. remains at a con-
stant output voltage level) or if either of the ¢, and ¢;or
¢, ,2and ;. 4clocks are on at the same time, the circuit
provides a corresponding output signal, which signal is
indicative of a clock failure.

18 Claims, 2 Drawing Figures
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1
MULTI-PHASE CLOCK MONITOR CIRCUIT

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a test circuit to contmuously |

monitor the reliability of the clocks whmh comprise a

two or four phase clock system

2. Prior Art

Conventional multi-phase clock monitor circuits are
typically external test circuits. That is, the prior art
clock monitor circuits are fabricated off the microelec-
tronic chip containing the clocks to be tested. This has
the undesirably effects of increasing space consumption,
costs, and power usage, while reducmg overall effi-
c1ency of the cleck monitor. - |

SUMMARY OF THE INVENTION

Briefly, and in general terms, an on-chip test circuit is
disclosed to monitor both narrow and wide width
clocks of a multiphase clock system for proper toggling
or switching. The circuit comprises first and second test
sections, of substantially identical construction, to mon-
itor the narrow width clocks and wide width clocks,
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and second clock signal test sections 2 and 4 is substan-
tially identical, only the first signal clock section 2 of
the present clock monitor will be described in particular
detail. -

- The first clock signal test section 2 includes a plural-
ity of multi-terminal semiconductor transistor devices,
such as p-channel field effect transistors (FETS) Q;~Q1o.
A first half of the test section 2 includes a precharge
field effect transistor Q; having a conduction path con-
nected between a source of relatively negative refer-
ence potential, designated Vpp, and an electrical junc-
tion 15. The respective conduction paths of field effect

~ transistors Q4 and Qg are connected together in electri-
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respectively. The test circuit also includes a NOR gate 25
to provide output signals indicative of the reliability of

the clocks to properly toggle. A pair of signal inverters
is connected between each test section and input termi-
nal means of the NOR gate. The circuit is comprised of
a plurality of transistor devices which are particularly
sized relative to one another to provide proper circuit
operation. ) . -

When a clock is toggling properly, a storage capaci-

tor of the first or second test section is charged to,
thereby, cause the output terminal of the NOR gate to

be selectively clamped to a first logic level indicative of
clock reliability. However, should the clock subse-
quently fail, the storage capacitor of the first or second
test section is dlscharged so that the output terminal of
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the NOR gate is selectively driven to a second logic 40

level indicative of a clock failure.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram showing a preferred

circuit for implementing the clock monitor of the pres- 45

ent invention.

FIG. 2 illustrates examples of the narrow and wide
waveforms generated by the multi-phase clocks to be
tested by the clock monitor circuit of FIG. 1.

DESCRIPTION OF THE PREFERRED
- EMBODIMENT

FIG. 1 of the drawings is a schematic diagram of a
preferred circuit to implement the multi-phase clock
monitor of the present invention. The clock monitor
circuit comprises first and second clock signal test sec-
tions 2 and 4, four signal inverters 6, 8, 10, 12, and a
NOR gate 14, which gate provides an output signal
indicative of the validity or failure of each of the multi-
phase clocks which are tested.

Typically, and as best illustrated in FIG 2, a multi-
phase clock system includes both single width clock
signals (e.g. ¢, and ¢;) and double width clock signals
(e.g. &1,;and ¢;_4). The first clock signal test section 2
monitors the single width multi-phase clock signals ¢,
and ¢;, while the second clock signal test section 4
monitors the double width multi-phase clock signals
¢ .,2and ¢;_ 4. Since the construction of each of the first
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cal series between electrical junction 15 and a source of
relatively positive reference potential, such as ground.
The control or gate electrodes of FETs Q; and Q, are
connected to a multi-phase clock signal generator (not
shown) to receive the first single width clock signal ¢,.
The gate electrode of FET Qgis connected to the multi-
phase clock signal generator to receive the second sin-
gle width clock signal ¢;. The conduction path of an-
other field effect transistor Qs is connected between
electrical junction 15 and the source of reference poten-
tial, such as ground, whereby the conduction path of
FET Qsis connected in electrical parallel with the series
connected conduction paths of FETs Q, and Q¢ The
gate electrode of FET Q;is connected to an electrical

junction 17. In a preferred embodiment, FET Qsis fabri-

cated with a very high on-resistance (and a very small
channel width) with respect to that of precharge FET
Q;and FETs Q,and Q¢ Moreover, the on-resistance of
FETs Q,and Qgare made very low with respect to that
of precharge FET Q. One plate of a first charge stor-
age capacitor C, is connected to the electrical junction
15. The second plate of storage capacitor C, is con-
nected to ground.

A second half of the first clock signal test section 2
includes a precharge field effect transistor Q; having a
conduction path connected between the reference po-
tential source Vp and an electrical junction 19. The
respective conduction paths of field effect transistors
Qy and Qo are connected together in electrical series
between electrical junction 19 and ground. The gate
electrodes of FETs Qg and Q, are connected to the
multi-phase clock signal generator to receive the single
width clock signal ¢;. The gate electrode of FET Q,is
connected to the multi-phase clock signal generator to
receive the single width clock signal ¢,. The conduc-
tion path of another field effect transistor Q, is con-
nected between electrical junction 19 and ground,
whereby the conduction path of FET Q,is connected in
electrical parallel with the series connected conduction
paths of FETs Qg and Q. The gate electrode of FET
Q; is connected to the electrical junction 17 with the
gate electrode of FET Qs. In a preferred embodiment,
FET Q, is fabricated with a very high on-resistance
with respect to that of precharge FET Qgand FET's Qs
and Q,q. Moreover, the on-resistance of FETs Qg and
Q oare made very low with respect to that of precharge
FET Q;. One plate of a second charge storage capacitor
C, 18 connected to electrical junction 19. The second
plate of storage capacitor C, is connected to ground
with the second plate of charge storage capacitor C,.

Since the construction of the second clock signal test
section 4 of the present clock monitor is substantially
identical to that of the first test section 2 of the clock
monitor, only a brief description of the second test
section 4 is provided. Field effect transistors Q;;~Qs,
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which form the second clock signal test section 4, are
substituted for the respective field effect transistors
Q,-Q;, of the first clock signal test section 2, and third
and fourth storage capacitors C; and C, are substituted
for storage capacitors C; and C,. Moreover, the gate 5
electrodes of FETs Q,; and Q,; (similar to FETs Qs;and |
Q,are connected to the multi-phase clock signal genera-
tor to receive the first double width clock signal ¢ 5.
The gate electrode of FET Q4 (similar to FET Q) is
connected to the multi-phase clock signal generator to
receive the second double width clock signal ¢; 4. The
gate electrodes of FETs Q;s and Q¢ (similar to FETs
Q. and Q) are connected to the multi-phase clock signal
generator to receive the second double width clock
signal ¢;_ 4. The gate electrode of FET Qg (similar to
FET Q,) is connected to the multi-phase clock signal
generator to receive the first double width clock signal
$;.,. The gate electrodes of FETSs Q3 and Q7 (similar
to FETs Q;and Q,) are connected together at an electri-
cal junction 22 (similar to electrical junction 17). Elec-
trical junctions 17 and 22 are connected together. Stor-
age capacitor C; is connected between an electrical
junction 20 (similar to electrical junction 15) and
ground. Storage capacitor C,is connected between an
electrical junction 24 (similar to electrical junction 19) 25
‘and ground. |

The respective conduction paths of a pair of field
effect transistors Q, and Q, are connected together in
electrical series between the Vpand ground sources of
reference potential. The gate electrode of FET Q, is 30
also connected to the V ppsource of reference potential.
The gate electrode and one conduction path electrode
of FET Q, are connected together and to the electrical
junctions 17 and 22. In a preferred embodiment, FET
Q, is fabricated with a very low on-resistance (and a 35
very large channel width) with respect to that of FET
Q.

A first pair of signal inverters 6 and 8 is connected
between the first clock signal test section 2 and the
NOR gate 14. A second pair of signal inverters 10 and 40
12 is connected between the second clock signal test
section 4 and the NOR gate 14. Since the construction
of inverters 6 and 8 is substantially identical to that of
inverters 10 and 12, only inverters 6 and 8 will be de-
scribed in particular detail. Inverter 6 includes a pair of 45
field effect transistors Q9 and Q, having their respec-
tive conduction paths connected together in electrical
series between Vpand ground. The gate electrode of
FET Q,, is connected to the Vpp source of reference
potential, and the gate electrode of FET Qy is con-
nected to the electrical junction 15 of the first clock
signal test section 2, which electrical junction 15 com-
prises an input terminal of inverter 6. Inverter 8 includes
a pair of field effect transistors FETs Q,;and Q,, having
their respective conduction paths connected together in 55
electrical series between Vpp and ground. The gate
electrode of FET Q,; is connected to the V ppsource of
reference potential, and the gate electrode of FET Qy,1s
connected to the electrical junction 19 of the first clock
signal test section 2, which electrical junction 19 com- 60
prises an input terminal of inverter 8. In a preferred
embodiment, FETs Q,, and Q,, are fabricated with a
very low on-resistance (and a very large channel width)
with respect to that of FETs Q9 and Q;;. |

Since the construction of signal inverters 10 and 12 65
are substantially identical to inverters 6 and 8, only a
brief description of inverters 10 and 12 is provided.

Field effect transistors Q,; and Q,4 of inverter 10 are
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similar to the respective field effect transistors Qoand

Q,o of inverter 6. However, the gate electrode of FET
Q,; is connected to the electrical junction 20 of the
second clock signal test section 4, which electrical junc-
tion 20 comprises an input terminal of inverter 10. Field
effect transistors Q,sand Q,¢of inverter 12 are similar to
field effect transistors Q,, and Q,, of inverter 8. How-
ever, the gate electrode of FET Q,4is connected to the
electrical junction 24 of the second clock signal test
section 4, which electrical junction 24 comprises an
input terminal of inverter 12.

The NOR gate 14 of the present clock monitor circuit
is comprised of five field effect transistors Q,,—-Qs;. The
gate electrode and one conduction path electrode of
FET Q,; are connected to the Vppsource of reference
potential. The second conduction path electrode of
FET Q,,is connected to an electrical junction 34, which
junction forms an output terminal of both the NOR gate
14 and present clock monitor circuit. The conduction
path of FET Q,gis connected between output terminal
34 and ground. The gate electrode of FET Q,gis con-
nected to an electrical junction 26 which is formed
between the conduction paths of FETs Qg and Q,, of
inverter 6. Electrical junction 26 comprises a first input
terminal of NOR gate 14. The conduction path of FET
Q,; is connected between the output terminal 34 and
ground. The gate electrode of FET Q,y1s connected to
an electrical junction 28 which is formed between the

~ respective conduction paths of FETs Q,, and Q,; of

inverter 8. Electrical junction 28 comprises a second

‘input terminal of NOR gate 14. The conduction path of

FET Q,,is connected between output terminal 34 and
ground. The gate electrode of FET Q3,1s connected to
an electrical junction 30 which is formed between the
respective conduction paths of FETs Q;; and Q,, of
inverter 10. Electrical junction 30 comprises a third
input terminal of NOR gate 14. The conduction path of
FET Q;, is connected between output terminal 34 and
ground. The gate electrode of FET Q;, is connected to
an electrical junction 32 which is formed between the
respective conduction paths of FETs Q,s and Q¢ of
inverter 12. Electrical junction 32 comprises a fourth -
input terminal of NOR gate 14. In a preferred embodi-
ment, FET Q,,is fabricated with a very high on-resist-

‘ance (and a very small channel width) relative to that of

FETs Q3-Qs;.
FIG. 2 shows the waveforms of the multi-phase clock

signals to be tested by the clock monitor circuit of FIG.

1. Each of the single width clock signals, ¢, and ¢;, and

each of the double width clock signals, ¢, ,and ¢;_4,
toggle between a relatively HI (true) logic level, corre-
sponding to a negative voltage signal, such as, for exam-
ple, Vpp, and a relatively LOW (false) logic level, cor-
responding to a relatively positive voltage signal, such
as ground.

As will be explained in greater detail hereinafter,
when each of the multi-phase clocks is toggling prop-
erly, each of the electrical junctions 15, 19, 20 and 24 of
the first and second clock signal test sections 2 and 4
receives a nearly constant negative voltage charge.
Moreover, electrical junction 34 of NOR gate 14 (i.e.
the output terminal of the clock monitor) receives a
relatively negative voltage signal via the conduction
path of FET Q,,;, which signal is indicative of clock
reliability. However, if any one or more of the multi-
phase clocks 1s not properly toggling, some of the elec-

‘trical junctions 15, 19, 20 and 24 are discharged. Output

terminal 34 otherwise receives a relatively positive volt-
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age signal (e.g. ground) via the conduction path of one
of the NOR gate FETs Q,;, Q,9, Q3 2and Qs;, which
signal is indicative of a clock failure. Since the circuit
operation of the first and second clock signal test sec-
tions 2 and 4 1s substantially identical, only the opera-
tion of the first section will be explained in detail.

The reliability with which the narrow width ¢, clock
signal toggles to a relatively HI (logic “1”) level is
tested by means of the first half of the first clock signal
test section 2, comprising FETs Q;-Q¢ and storage ca-
pacitor C,. Referring concurrently to FIGS. 1 and 2,
during an interval of time designated ¢, when a prop-
erly toggling &, clock signal has a relatively HI logic
level and a properly toggling ¢, clock signal has to a
relatively LOW (logic “0) level, FETs Q; and Q, are
rendered conducting, inasmuch as the relatively HI
level clock signal ¢, is applied to the gate electrodes
thereof. Moreover, FET Q; is rendered non-conduct-
ing, inasmuch as the relatively LOW level clock signal
&, is applied to the gate electrode thereof. As previously
disclosed, FET Qs is fabricated with a relatively high
on-resistance (compared to FETs Q,and Qg), and FET
Q, is fabricatd with a relatively low on-resistance (com-
pared to FET Q,). Therefore, FET Qs is nearly ren-
dered non-conducting inasmuch as the gate electrode
thereof, which is connected to electrical junction 17,
receives a voltage via the conduction path of FET Q,,
which voltage bearly exceeds the threshold require-
ment of FET Qs. Hence, electrical junction 15 and
storage capacitor C, are charged to a relatively negative
voltage via the conduction path of precharge FET Q;.
As long as the ¢, clock signal continues to repeatedly
toggle to a relatively HI logic level during each suc-
ceeding clock cycle so that electrical junction 15 and
storage capacitor C, are precharged via FET Q;, stor-
age capacitor C; will not be completely discharged via
the conduction path of FET Q. As a result, FET Qy,
which forms the first test section signal inverter 6, Is
rendered conducting, inasmuch as the gate electrode

10

6

14 is rendered conducting to drive electrical junction
34, inasmuch as the gate electrode of FET Q,51s con-
nected to the electrical junction 26. Therefore, during
the ¢, time interval, when the ¢ clock signal fails to
properly toggle to a relatively HI logic level, the clock
monitor output terminal, formed by the electrical junc-
tion 34 of NOR gate 14, is clamped to ground via the
conduction path of FET Q. to, thereby, provide an
indication of the failure of the ¢, clock signal during the
¢, time interval.

The reliability with which the narrow width ¢, clock
signal toggles to a relatively LOW (logic *0”) level is

~ tested by means of the second half of the first clock
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signal test section 2, comprising FETs Q.—Q,,and stor-
age capacitor C,. During an interval of time designated
¢;, when a properly toggling ¢, clock signal has a rela-
tively LOW level and a properly toggling ¢; clock
signal has a relatively HI level, FETs Qg and Qq are
rendered conducting, inasmuch as the relatively HI
level clock signal ¢, is applied to the gate electrodes
thereof. Moreover, FET Qo 1s rendered non-conduct-
ing, inasmuch as the relatively LOW level clock signal
¢,is applied to the gate electrode thereof. As previously
disclosed, FET Q, is fabricated with a relatively high
on-resistance. Therefore, FET Q, is nearly rendered
non-conducting, inasmuch as the gate electrode thereof,
which is connected to electrical junction 17, receives a
voltage via the conduction path of FET Q,, which
voltage bearly exceeds the threshold requirement of
FET Q,. Hence, electrical junction 19 and storage ca-
pacitor C, are charged to a relatively negative voltage
via the conduction path of precharge FET Q;. As long
as electrical junction 19 and the storage capacitor C,are
precharged via FET Q4, storage capacitor C, will not be
completely discharged via the conduction path of FET
Q,. As a result, FET Q,,, which forms the first test
section signal inverter 8, is rendered conducting, inas-
much as the gate electrode thereof is also charged by
the relatively negative voltage at electrical junction 19

thereof is also charged by the relatively negative volt- 40 (i.e. the input terminal of inverter 8). The electrical

age at electrical junction 15 (i.e. the input terminal of
inverter 6). The electrical junction 26 of inverter 6 (i.e.
the first input terminal of NOR gate 14) is clamped to
ground via the conduction path of FET Q,,. Therefore,
when the ¢, clock signal properly toggles to a relatively
HI logic level, the gate electrode of FET Q of the
NOR gate 14 is also clamped to ground at NOR gate
input terminal 26. FET Q, is accordingly rendered
non-conducting. The clock monitor output terminal 34
is driven to a negative voltage level signal via the con-
duction path of FET Q,; which, thereby, indicates the
validity of the ¢, clock signal during the ¢, time inter-
val.

However, should the ¢, clock signal fail to properly
toggle to a relatively HI level during the ¢, time inter-
val of succeeding clock cycles so that precharge FET
Q, is rendered non-conducting, storage capacitor C, is
eventually completely discharged and electrical junc-
tion 15 is clamped to ground via the conduction path of

FET Qs. FET Q of the signal inverter 6 is rendered 60

non-conducting, inasmuch as the gate electrode thereof
is connected to electrical junction 15. FET Qy of in-
verter 6 is, thereupon, rendered conducting, inasmuch
as the gate electrode thereof is connected to the Vpp

source of reference potential. Electrical junction 26 of 65

inverter 6 (i.e. the first input terminal of NOR gate 14)

receives a relatively negative voltage signal via the
conduction path of FET Q,q. FET Q,s0f the NOR gate

45
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junction 28 of inverter 8 (i.e. the second input terminal

of NOR gate 14) is clamped to ground via the conduc-
tion path of FET Q,,. Therefore, when the ¢, clock
signal properly toggles to a relatively LOW logic level,
the gate electrode of FET Q,50f the NOR gate 14 1s also
clamped to ground at the second NOR gate input termi-
nal 28. FET Q,1s accordingly rendered non-conduct-
ing. The clock monitor output terminal 34 is driven to a
negative voltage level signal via the conduction path of
FET Q,; which, thereby, indicates the validity of the
¢, clock signal during the ¢, time interval.

However, should the ¢, clock signal fail to properly
toggle to a relatively LOW level during the ¢, time
interval (but, otherwise, remain at a relatively HI level),
each of the FET's Qg, Qoand Q,is rendered conducting,
inasmuch as a relatively HI level signal is applied to the
gate electrodes thereof. As previously disclosed, FETSs
Qyand Q qare fabricated with a relatively low on-resist-
ance (and a very large channel width) with respect to
that of precharge FET Q;. Therefore, as a result of the
relatively small combined on-resistances of FETs Qq
and Q,,, storage capacitor C, is completely discharged
and electrical junction 19 is clamped to ground during
the ¢, time interval via the conduction. paths of FETs
Qyand Q.. FET Q,, of the signal inverter 8 is rendered
non-conductive, inasmuch as the gate electrode thereof
is connected to electrical junction 19 (i.e. the input
terminal of inverter 8). FET Q,, of inverter 8 is, there-
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upon, rendered conducting, inasmuch as the gate elec-

~ trode thereof is connected to the Vpp source of refer-

ence potential. Electrical junction 28 of inverter 8 (i.e.
the second input terminal of NOR gate 14) receives a
relatively negative voltage signal via the conduction
path of FET Q,;. FET Q, of the NOR gate 14 is ren-
dered conducting to drive electrical junction 34, inas-
much as the gate electrode of FET Q,¢is connected to
the electrical junction 28. Therefore, during the ¢;time
interval, when the ¢, clock signal fails to properly tog-
gle to a relatively LOW logic level, the clock monitor
output terminal, formed by the electrical junction 34 of
NOR gate 14, is clamped to ground via the conduction
path of FET Q, to, thereby, provide an indication of
the failure of the &, clock signal during the ¢, time
interval.

Since the first half of the first clock signal test section
2 (comprising FETs Q;-Qg and storage capacitor C,) is
identical in construction to the second half thereof
(comprising FETs Q,-Q,¢and storage capacitor C,) and
since the ¢, clock signal is the same as the ¢, clock

signal (except that the ¢; clock signal is delayed or

shifted by 180°), the ¢;clock signal is tested in the iden-
tical manner by which the ¢, clock signal is tested.
However, the second half of the first clock signal test
section 2 tests the reliability of the ¢, clock signal to
toggle to a relatively HI logic level during the ¢, time

interval, while the first half of the first clock signal test
section 2 tests the reliability with which the ¢, clock

signal toggles to a relatively LOW logic level during
the ¢, time interval. |

The field effect transistors (FETs Q;o-Q,; which
comprise signal inverters 6 and 8 are utilized to deter-
mine if each of the ¢, and ¢, clocks reliably toggles or
otherwise, fails, and, as a result, produces a constant

output voltage level in the range of voltages between

V ,pand ground. In a preferred embodiment, FETs Qg
and Q,, are selected with particular threshold voltages,
so as to assure that electrical junction 15 is clamped at
or near ground in the event that a multi-phase clock fails
to properly toggle. The threshold voltage of FETSs Qg
and Q,, (as well as that of FETs Q;-Q)o) is typically
—1.0 volts d.c. (when Vppis selected to be —35.0 volts
d.c.). Moreover, FET Qyis particularly sized so that its
gate electrode must receive a voltage of, for example, at
~ least 1.5 volts more negative than the threshold voltage
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thereof to be rendered conducting. By way of a first

example, it is assumed that the output voltage level of 2
failed ¢, clock remains constant at any voltage (e.g.
—2.0 volts) in a range of voltages between ground and
—3.5 volts d.c. Therefore, during the ¢, time interval,
electrical junction 15 and storage capacitor C, are pre-
charged to a voltage level of approximately — 1.0 volts
d.c. (one threshold level more positive than the constant
&, clock signal applied to the gate electrode of pre-
charge FET Q). Hence, FET Qyis rendered non-con-
ducting, inasmuch as the gate electrode thereof, con-
nected to electrical junction 15, receives insufficient
voltage. FET Q, is rendered conducting, inasmuch as
the gate electrode thereof is connected to the Vpp
source via the conduction path of FET Q,gand inverter
output terminal 26. Thus, during the ¢, time interval,

the clock monitor output terminal, comprising electri-

cal junction 34 of NOR gate 14, is clamped to ground
via the conduction path of FET Q.3 to thereby provide
an indication of the failure of the ¢, clock. --
By way of a second example, it is assumed that th
output voltage level of a failed ¢, clock remains con-
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stant at — 3.5 volts d.c. Hence, during the ¢, time inter-
val, electrical junction 15 and storage capacitor C,; are
precharged to a voltage level of approximately —2.5
volts d.c. (one threshold level more positive than the
constant ¢, clock signal applied to the gate electrode of
FET Q,). Therefore, FET Q,is just rendered conduct-
ing, inasmuch as the gate electrode thereof is connected
to electrical junction 15 to receive the minimum re-
quired threshold voltage. In a manner previously dis-

closed, the clock monitor output terminal, comprising
electrical junction 34 of NOR gate 14, 1s driven to a

negative voltage level signal via the conduction path of
FET Q,, which (incorrectly) indicates the reliability of

the ¢, clock during the ¢, time interval. However, the

second half of the first clock signal test section 2, com-
prising FETs Q;-Q, and storage capacitor C,, must
also be considered.

If, during the &; time interval, the output signal level
of a failed ¢, clock remains constant at any voltage in
the range of voltages between —2 volts d.c. to Vppto,
thereby, enable FET Q,, electrical junction 19 1is
clamped to ground via the conduction paths of FETs
Q, and Q,,, inasmuch as the on-resistances of FETs Qg
and Q,,is relatively low with respect to that of FET Qg
and the gate electrode of FET Qq is supplied with a
relatively HI level ¢, clock signal. Therefore, FET Q,;,
is rendered non-conducting, inasmuch as the gate elec-
trode thereof is connected to electrical junction 19. In a
preferred embodiment, FETs Q,; and Qy, (of inverter 8)
are selected with a particular threshold voltage (e.g.
— 1.0 volts d.c.) to assure that electrical junction 19 is
clamped at or near ground in the event that a multi-
phase clock fails to properly toggle. Moreover, FET
Q,, is particularly sized so that its gate electrode must
receive a voltage of at least 1.5 volts more negative than
the threshold voltage thereof to be rendered conduct-
ing. Sufficient voltage is applied to the gate electrode of
FET Q,, via the conduction path of FET Q,;. Hence,
FET Q,,is rendered conducting and the clock monitor
output terminal, comprising electrical junction 34 oi
NOR gate 14, is clamped to ground via the conduction
path of FET Q, to, thereby, provide an indication of
the failure of the ¢; clock signal during the ¢; time
interval. |

Therefore, a combination of tests are provided by the
first clock signal test section 2, which tests overlap each
other (electrical junction 15 being responsive to any
voltage in the range of voltages between ground to
—13.5 volts d.c. and electrical junction 19 being respon-
sive to any voltage in the range of voltage between
—2.0 volts d.c. to Vpp). Thus, when the ¢, clock pro-
vides any constant output voltage level between ground
and Vpp, at least one of the input terminals (e.g. 26 oz
28) of NOR gate 14 receives a relatively HI logic leve
signal to, thereby, clamp the clock monitor output ter
minal, comprising electrical junction 34, to ground «
provide an indication of the failure of the ¢, clock.

If the ¢;clock fails to properly toggle but, otherwise
provides a constant output voltage level beiweer
ground and Vpp, the clock monitor output terminal
comprising electrical junction 34 of NOR gate 14, i
clamped to ground to provide an indication of the fail
ure thereof during one of the ¢;or ¢, time intervals. The
¢, clock is tested for a constant output voltage level 1.
the identical manner by which the ¢, clock is testec
However, when testing the ¢; clock for a constant out
put voltage level, electrical junction 19 of the seconc
haif of test section 2 is responsive to the range of vol:
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'ages between ground and - 3.5 volts d.c., ‘while electri-
cal junction 15 of the first half of test section 2 is respon-
sive to the range of veltages between --2 0 volts d.c. to
Vo

The wide width multi-phase clocks ¢1 +2and &34 are
tested for proper toggling by the second clock signal
test section 4. More particularly, the ¢, ,clock is tested
in the identical manner by which the ¢, clock is tested,
while the ¢, 4clock is tested in the identical manner by
which the ¢; clock is tested.

It will be apparent that while a preferred embodlment
of the invention is shown and described, various modifi-
cations and changes may be made without departing
from the true spirit and scope of the invention. For
example, the waveforms of the narrow and wide width
clocks illustrated in FIG. 2 represent a four-phase clock
system. However, it is to be understood that the pres-
ently disclosed clock monitor circuit is also suitable for
testing the clocks which comprise a two-phase clock
system. In the event that such a two-phase clock system
is employed, the second clock signal test 4 1s eliminated.
It is also to be understood that the ¢y, ds3, b2 D314
and V ppsignal levels, as well as the suggested threshold
voltages of the field effect transistors which comprise
the present clock monitor circuit, are selected for exem-
plary purposes only. Any other suitable signal levels or
voltages may be substituted therefor.

Having thus set forth a preferred embodlment of the
instant invention, what is claimed is:

1. A circuit to test the reliability of the clocks com-
prising a multi-phase clock system to repeatedly switch
between first and second recurring clock signal levels,
said circuit including: -

source means to provide a plurality of reference po-
tentials, first charge storage capacitance means,

means by which to precharge said first charge storage
capacitance means durmg a first phase time inter-
val,

first and second multl-termmal setmconductor de-
vices connected in electrical series to form a first
conditional  discharge path between said first
charge storage capacxtance means and said source
means,

the control terminal of said first multl-tennmal device
connected to a first of said multl-phase clocks to be
tested, |

the control termmal of said second multi-terminal
device connected to a second of said multi-phase
clocks to be tested,

a third multl-termmal sennconductor device con-
nected between said first charge storage capaci-
tance means and said source means to form a sec-
ond conditional discharge path,

said first charge storage capamtance means remauung
charged during a second phase time interval when
each of said first and second clocks to be tested
switches between the first and second signal levels
or said first charge storage capacitance means dis-
charged via one of said first or second conditional

- discharge paths during the second phase time inter-
val when one of said first and second clocks to be
tested fails to switch between the first and second
signal levels,

output terminal means reSponswe to the charge of
said first charge storage capacitance means, and

means to selectively connect said output terminal
means to said source means to receive a first of said
‘reference potentials when said first charge storage
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capacitance means remains charged to thereby
‘indicate clock reliability or to selectively connect
said output terminal means to said source means to
receive a second of said reference potentials when
~said first charge storage capacitance means is dis-
charged to thereby indicate a clock failure.

2. The test circuit recited in claim 1, wherein said
means to precharge said first charge storage capaci-
tance means and each of said first, second, and third
multi-terminal semiconductor devices includes a field
effect transistor.

3. The test circuit recited in claim 2, wherein the

. on-resistance of said third field effect transistor is sub-
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stantially higher than that of said first and second field
effect transistors.

4. The test circuit recited in claim 2, wherein the
on-resistance of said precharge means field effect tran-
sistor is substantially higher than that of said ﬁrst and
second field effect transistors.

5. The test circuit recited in claim 1, further including
fourth and fifth multi-terminal semiconductor devices
connected in electrical series,

the control terminal and one conducting path termi-

‘nal of said fourth multi-terminal device connected
to said source means, and |

the control terminal and one conduction path termi-

nal of said fifth multi-terminal device connected to
the control termmal of said third multi-terminal
device.

6. The test circuit recited in claim 5, wherein each of |
said fourth and fifth multi-terminal semiconductor de-
vices includes a field effect transistor,

the on-resistance of said fourth field effect transistor

being substantially higher than that of said fifth
field effect transistor.

7. The test circuit recited in claim 1, further including
inverter means,

an input terminal of said inverter means connected to

said charge storage capacitance means, and

an output terminal of said inverter means connected

to said means to selectively connect said circuit
output terminal means to said source means.

8. The test circuit recited in claim 7, wherein said
means to selectively connect said circuit output termi-
nal means to said source means includes at least fourth
and fifth multi-terminal semiconductor devices, each of
said devices connected between said source means and
said circuit output terminal means,
said fourth multi-terminal device having a control

terminal connected to said source means so as to

selectively connect said circuit output terminal
means to said source means to receive the first of
said reference potentials indicative of clock reli-
ability when said first charge storage capacitance
means remains charged, and -

said fifth multi-terminal device having a control ter-
minal connected to the output terminal of said
inverter means so as to seleéctively connect said
circuit output terminal means to said source means
to receive the second of said reference potentials
indicative of a clock failure when said first charge
storage capacitance means is discharged.

9. The test circuit recited in claim 1, further including

second charge storage capacitance means,

means by which to precharge said second charge
storage capacitance means during said second
phase time interval,
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fourth and fifth multi-terminal semiconductor devices
connected in electrical series to form a first condi-

tional discharge path between said second charge .

storage capacitance means and said source means,

the control terminal of said fourth multi-terminal

 device connected to the second of said multi-phas
clocks to be tested, | |

the control terminal of said fifth multi-terminal de-
vice connected to the first of said multi-phase
clocks to be tested, and |

a sixth multi-terminal semiconductor - device con-
nected between said second charge storage capaci-
tance means and said source means to form a sec-
ond conditional discharge path for said second
capacitance means, the control terminals of said
third and sixth multi-terminal devices connected
together,

said second charge storage capacitance means re-
maining charged during said first phase time inter-
val when each of said first and second clocks to be
tested switches between the first and second signal
levels, or said second charge storage capacitance
discharged via one of said first or second condi-
tional discharge paths thereof during said first
phase time interval when the second of said first
and second clocks to be tested fails to switch be-
tween the first and second signal levels, and

means to selectively connect said circuit output ter-
minal means to said source means to receive the
first of said reference potentials when said second
charge storage capacitance means remains charged
to thereby indicate clock reliability or to selec-
tively connect said output terminal means to said
source means to receive the second of said refer-
ence potentials when said second charge storage
means is discharged to thereby indicate a clock
failure.

19. Clock reliability monitoring means comprising:

reference SoOurce means,

clock test section means having first and second
halves, each of said halves including a charge stor-
age capacitor, means to precharge said capacitor,
at least one conditional discharge path connected
between said capacitor and said source means, and
first and second clocks connected to control the
conductivity of said conditional discharge path,

NOR gate means having output terminal means selec-.

tively connected to said source means to provide
first or second reference signals indicative of the
reliability and failure of either of the first or second
clocks, and

inverter means having an input terminal respectively

connected to the capacitor of each half of said
clock test section and responsive to the charge
thereon and an output terminal connected to input
terminal means of said NOR gate means.

11. The clock monitoring means recited in claim 10,
including first and second transistor devices respec-
tively connected in electrical series between the capaci-
tor of each half of said clock test section and said source

means to form said at least one conditional discharge

path for each of said halves, |
the control electrode of each first transistor device

connected to said first clock, and

the control electrode of each second transistor device

connected to said second clock.

12. The clock monitor means recited in claim 11,
further including a third transistor device respectively
connected between the capacitor of each half of said
clock test section and said source means to form a sec-
ond conditional discharge path for each of said halves,
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the control electrodes of each third transistor device
connected together.

13. The clock monitoring means recited in claim 12,
further including a fourth and fifth transistor device

connected in electrical series,

one conduction path electrode and the control elec-
trode of said fourth transistor device connected
~ together and to said source means, and |
one conduction path electrode and the control elec-
trode of said fifth transistor device connected to--
gether with the control electrodes of the third
transistor devices.

14. The test circuit recited in claim 2, wherein the
on-resistance of said third field effect transistor is sub-
stantially higher than that of said precharge means field
effect transistor.

15. A reliability test circuit for testing the ability of a
plurality of multi-phase clocks to switch between first
and second signal levels, said test circuit comprising:

first and second sources of supply voltage,

charge storage capacitance means,

precharge means connected between said capacitance
means and said first source of supply voltage to
charge said capacitance means to the first supply
voltage during a first multiphase clock time inter-
val,

conditional discharge path means connected between
said capacitance means and said second source of
supply voltage,

a plurality of said clocks to be tested connected to
said conditional discharge path means to control
the conductivity thereof, whereby said capacitance
means remains charged at the first supply voltage
during a second multi-phase clock time interval
when each of said clocks to be tested switches
between the first and second signal levels, or said
capacitance means discharged to the second supply
voltage via said discharge path means during the
second multi-phase clock time interval when one of
said plurality of clocks to be tested fails to switch
between the first and second signal levels, and

output terminal means responsive to the charge of
said capacitance means to thereby provide an indi-
cation of the switching reliability of said multi-
phase clocks to be tested.

16. The test circuit recited in claim 15, wherein said
conditional discharge path means comprises a plurality
of series connected transistors,

each of said multi-phase clocks to be tested respec-
tively connected to the control electrode of one of
said transistors to thereby control the conductivity
of said discharge path means depending upon the
ability of said multi-phase clocks to switch between
the first and second signal levels.

17. The test circuit recited in claim 15, wherein one of
said plurality of multi-phase clocks to be tested is con-
nected to said conditional discharge path means and to
said precharge means to control the respective conduc-
tivities thereof and to enable said precharge means to
charge said capacitance means during the first multi-
phase clock time interval.

18. The test circuit recited in claim 17, including a
second conditional discharge path means connected
between said capacitance means and said second source
of supply voltage, said second additional discharge path
means adapted to discharge said capacitance means to
the second supply voltage in the event that the multi-
phase clock which is connected to said precharge means
fails to properly switch between the first and second

signal levels.
¥ ¥ %X % %
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